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1
METHOD OF PROVIDING CHLORIDE
TREATMENT FOR A PHOTOVOLTAIC
DEVICE AND A CHLORIDE TREATED
PHOTOVOLTAIC DEVICE

CLAIM OF PRIORITY

This application claims priority under 35 U.S.C. §119(e) to
U.S. Provisional Patent Application Ser. No. 61/649,403 filed
on May 21, 2012, which is hereby incorporated by reference
in its entirety.

TECHNICAL FIELD

Disclosed embodiments relate generally to the manufac-
ture of photovoltaic devices, which include photovoltaic cells
and photovoltaic modules containing a plurality of photovol-
taic cells, and more particularly to a method of providing
chloride treatment for a photovoltaic device and a chloride
treated photovoltaic device.

BACKGROUND

Thin-film photovoltaic devices can include semiconductor
material deposited over a substrate, for example, with a first
semiconductor layer serving as a window layer, a second
semiconductor layer serving as an absorber layer. The win-
dow layer and the absorber layer form a junction where light
that passes through the window to the absorber layer is con-
verted to electricity.

A reflector layer, which may be made of zinc telluride, may
be provided between the absorber layer and a back contact
layer to provide a barrier against minority electron carrier
flow toward the back contact layer to minimize recombina-
tion with hole carriers at the back contact layer. Specifically,
semiconductor materials, like any other solids, have an elec-
tronic band structure consisting of a valence band, a conduc-
tion band and a band gap separating them. When an electron
in the valence band acquires enough energy to jump over the
band gap and reach the conduction band, it can flow freely as
current. Furthermore, it will also leave behind an electron
hole in the valence band that can flow as freely as current.
Carrier generation describes processes by which electrons
gain energy and move from the valence band to the conduc-
tion band, producing two mobile carriers: an electron and a
hole; while recombination describes processes by which a
conduction band electron loses energy and re-occupies the
energy state of an electron hole in the valence band. In a
p-type semiconductor material like the absorber layer, elec-
trons are less abundant than holes, hence they are referred to
as minority carriers whereas holes are referred to as majority
carriers. The reflector layer is made of a semiconductor mate-
rial with an electron affinity that is lower than that of the
absorber layer. The reflector layer therefore repels electron
flow toward the reflector layer back toward the absorber layer,
thus minimizing recombination at the back contact. This is
described in U.S. Provisional Patent Application 61/547,924,
entitled “Photovoltaic Device And Method Of Formation,”
filed on Oct. 17, 2011.

During manufacture of photovoltaic devices, absorber lay-
ers are sometimes subjected to cadmium chloride treatments
in order to improve the absorber layers’ crystalline quality
(e.g., increasing grain (crystallite) size and curing defects in
the crystal lattice including defects located at grain boundary
areas. Defects in the lattice structure including grain bound-
aries are sources of carrier recombination, which reduces
photovoltaic efficiency. A cadmium chloride treatment
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includes exposing the absorber layer, which may be made of
cadmium telluride, to cadmium chloride and heating the
absorber layer to an anneal temperature afterwards. The heat
helps the chlorine atoms diffuse preferentially through grain
boundary areas in the cadmium telluride (i.e., interfaces
where crystal grains of different orientations meet). The chlo-
rine atoms further increase the conductivity of the cadmium
telluride film by facilitating re-crystallization and curing of
defects. Improvements in conductivity and reduction of
defects that cause recombination increase photovoltaic effi-
ciency.

However, cadmium chloride treatments have potential dis-
advantages. For example, in photovoltaic devices having a
reflector layer formed of zinc telluride adjacent to the back
contact layer, the zinc telluride reflector layer may react with
the cadmium chloride to form zinc chloride and cadmium
telluride. The reaction between cadmium chloride and zinc
telluride is thermodynamically favorable (i.e., the products of
the reaction are at a lower energy than the reactants). This
reaction consumes the zinc telluride, which erodes (depletes)
the reflector layer and may result in reduced ohmic contact
(i.e., a low resistance junction that provides electric current
conduction between a metal and a semiconductor) between
the reflector layer and the back contact layer over time. Such
areduced ohmic contact may impair the delivery of generated
electrical power to external devices.

Thus, there is a need to solve this problem by treating the
absorber layer with chloride compounds that do not react with
the zinc telluride reflector layer. It is believed that a reaction
between such chloride compounds and the zinc telluride
reflector layer is not thermodynamically favorable. Erosion
of the zinc telluride reflector layer is therefore limited.

Accordingly, treatment of photovoltaic devices with an
alternative chloride compound that obviates the effect of the
above-mentioned potential problems is desirable.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a cross-sectional view of an unfinished photovol-
taic device.

FIG. 2 is a schematic of a deposition oven used for chloride
treatment during absorber layer deposition according to an
embodiment described herein.

FIG. 3 is a cross-sectional view of an unfinished photovol-
taic device.

FIG. 4 is a schematic of a deposition oven used for chloride
treatment during reflector layer deposition according to an
embodiment described herein.

FIG. 5A is a cross-sectional view of an unfinished photo-
voltaic device having an exemplary semiconductor tri-layer.

FIG. 5B is a cross-sectional view of an unfinished photo-
voltaic device having an exemplary semiconductor bi-layer.

FIG. 6 is a schematic of a deposition oven used for chloride
treatment after deposition of a semiconductor layer according
to an embodiment described herein.

FIG. 7 is a schematic of a deposition oven used for chloride
treatment after deposition of a semiconductor layer according
to another embodiment described herein.

FIG. 8 is a schematic of a deposition oven used for chloride
treatment after deposition of a semiconductor layer according
to another embodiment described herein.

FIG. 9 is a cross-sectional view of a completed photovol-
taic device according to an embodiment.

FIG. 10 is a cross-sectional view of'a completed photovol-
taic device according to an embodiment.
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FIG. 11 is a graph illustrating the effect of treatment with
different chloride compounds on photovoltaic device effi-
ciency.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings which form a part hereof, and in
which is shown by way of illustration specific embodiments
that may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to make and
use them, and it is to be understood that structural, logical, or
procedural changes may be made to the specific embodiments
disclosed without departing from the spirit and scope of the
invention.

Embodiments described herein provide a photovoltaic
device and method of manufacturing a photovoltaic device
that involves treating an absorber layer, which may be made
of cadmium telluride, with a chloride compound containing
one or more elements from Groups 1-11, zinc, mercury and
copernicium. The chloride compound may replace the current
cadmium chloride treatment which can cause reflector layer
erosion, if provided, as described above. Two exemplary
compounds are manganese chloride and magnesium chlo-
ride. The chloride compound prevents or at least reduces
reflector layer erosion associated with cadmium chloride
treatment of the cadmium telluride layer because the reaction
of zinc telluride and cadmium telluride, also discussed above,
is avoided.

The chloride compound may be deposited over the
absorber layer either during or after absorber layer deposi-
tion. Chloride compound deposition either during or after
absorber layer deposition provides for direct incorporation of
chlorine atoms into the absorber layer film. Alternatively, if a
reflector layer is present, the chloride compound may be
deposited either during or after reflector layer deposition. If
deposited after reflector layer deposition, the chloride com-
pound diffuses into the underlying absorber layer. In addition,
an annealing step to activate the absorber layer and increase
crystal grain size and promote re-crystallization within the
absorber layer may occur during the chloride compound
deposition, or the annealing step may follow chloride com-
pound deposition. If a reflector layer is present, and chloride
treatment occurs during or after reflector layer deposition, the
annealing helps the chlorine atoms diffuse through the reflec-
tor layer into the absorber layer.

Referring to FIG. 1, an example of an unfinished photovol-
taic device 10 is shown. The unfinished photovoltaic device
10 has a substrate 101 upon which a barrier layer 102, a
transparent conductive oxide (TCO) layer 103, a buffer layer
104, and a semiconductor window layer 105 are respectively
deposited. Barrier layer 102, TCO layer 103 and buffer layer
104 are often referred to as a TCO stack 110. As shown, the
TCO stack 110 includes TCO layer 103, which serves as one
of the electrical contacts for the unfinished photovoltaic
device 10.

Substrate 101 can be the outermost layer of the device 10
and, in use, may be exposed to a variety of temperatures and
environmental conditions. Substrate 101 may also be the first
layer that incident light encounters upon reaching the device
10. It is therefore desirable to select a material for the sub-
strate 101 that is both durable and highly transparent. For
these reasons, the substrate 101 may include, for example,
borosilicate glass, soda lime glass, or float glass. The barrier
layer 102 is positioned between the substrate 101 and the
TCO layer 103 to lessen diffusion of sodium or other con-
taminants from the substrate 101 to the window layer 105.
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Specifically, high processing temperatures have a tendency to
ionize sodium atoms or molecules present in the substrate
101, which over time, may diffuse to other layers of the device
10. The diffusion of sodium atoms in certain layers of the
device may adversely affect the device’s performance. Thus,
the barrier layer 102 is used to reduce or eliminate loss of
performance due to sodium ion diffusion. The barrier layer
102 may be made of various materials including silicon
nitride, silicon dioxide, aluminum-doped silicon oxide,
boron-doped silicon nitride, phosphorus-doped silicon
nitride, silicon oxide-nitride, or any combination or alloy
thereof.

The TCO layer 103 may include any suitable TCO mate-
rials, including, for example, cadmium stannate or a cadmium
tin oxide. The buffer layer 104 is positioned between TCO
layer 103 and window layer 105 to decrease irregularities
occurring during the formation of the semiconductor layer.
Particularly, certain processes used to form the TCO layer 103
may generate a rough TCO layer. The rougher the TCO layer
the more likely there may be discontinuities in the window
layer that may be deposited over the TCO layer. The buffer
layer 104 is used then to provide a smooth surface upon which
the window layer 105 may be deposited and thus lowers the
risk of discontinuities in the window layer 105. The buffer
layer 104 may include various suitable materials, including,
for example, tin oxide (e.g., tin (IV) oxide), zinc tin oxide,
zinc oxide or zinc magnesium oxide.

The window layer 105 may be a layer of cadmium sulfide
formed over the TCO stack 110. The window layer 105 may
alternatively be formed of cadmium zinc sulfide, which has
proven more robust than cadmium sulfide for its ability to
withstand high anneal temperatures during chloride treatment
of the absorber layer.

FIG. 2 illustrates a schematic of a deposition oven used for
chloride treatment during absorber layer deposition accord-
ing to an embodiment. In this embodiment, the absorber layer
undergoes chloride compound treatment during its deposition
in an oven 200. Like cadmium chloride treatment, this chlo-
ride compound treatment also increases crystal grain size
within the absorber layer and improves device 10 efficiency.
The absorber layer may be formed of cadmium telluride,
although other absorber layer materials may be used.
Although this and other embodiments describe using a vapor
transport deposition process, any suitable semiconductor
deposition process may be used.

Unfinished device 10 is transported through the oven 200
on a transport mechanism, for example, conveyor rollers 210
in a continuous process. Although the transport mechanism is
shown to be rollers in this particular embodiment, it is not
limiting. The transport mechanism can as well be a belt, or
any other types of conveying means. Rollers are used for
illustrative reasons only. The oven 200 includes a first in-situ
vaporization unit 275 to vaporize raw semiconductor material
in powder form, for example, cadmium telluride for the
absorber layer, supplied to the first in-situ vaporization unit
275 through a semiconductor input line 270. Vaporized cad-
mium telluride is introduced into the oven ambient through a
diffuser 280 and deposited onto the moving unfinished pho-
tovoltaic device 10 in an amount and at an appropriate loca-
tion to deposit a desired amount of cadmium telluride on the
unfinished photovoltaic device 10.

During semiconductor absorber layer deposition, a chlo-
ride compound is deposited. The chloride compound contains
one or more elements from Groups 1-11, zinc, mercury and
copernicium. Two exemplary compounds are manganese
chloride and magnesium chloride. The chloride compound
can be deposited in vapor or liquid form. The oven 200
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includes a second in-situ vaporization unit 220 to vaporize the
chloride compound inside the oven 200 prior to treatment.
The chloride compound may be provided to the second in-situ
vaporization unit 220 through an input line 250, for example,
in solid (e.g., powder) form or in liquid form. If provided in
liquid form, the chloride compound may be provided as about
a0.14 molar to about a 2.18 molar aqueous solution, or about
a 0.5 molar aqueous solution to about a 1.2 molar aqueous
solution, for example, about a 1.1 molar or about a 0.54 molar
aqueous solution.

A carrier gas may optionally be supplied to the second
in-situ vaporization unit 220 through an optional carrier gas
input line 240 to distribute the vaporized chloride compound.
The carrier gas used can be hydrogen, helium, nitrogen, neon,
argon, krypton, and mixtures containing these gases, or any
suitable inert gas. Alternatively, the carrier gas may be omit-
ted and the chloride compound vapor may diffuse under
ambient conditions. Chloride compound treatment may occur
in any suitable oven, including those described in U.S. Pro-
visional Patent Application Ser. No. 61/561,375, entitled
“Method And Apparatus Providing Single Step Vapor Chlo-
ride Treatment For Photovoltaic Modules,” filed on Nov. &,
2011, the disclosure of which is hereby incorporated by ref-
erence in its entirety.

The chloride compound is introduced into the oven ambi-
ent through a diffuser 260 and deposited onto the moving
unfinished photovoltaic device 10 in an amount and at an
appropriate location to deposit a desired amount of chloride
compound onto the device 10 in a continuous process, for
example. If the chloride compound is deposited in liquid
form, second in-situ vaporization unit 220 may be omitted
and the input line 250 would supply liquid chloride com-
pound directly to one or more sprayers which would replace
diffuser 260, similar to the FIG. 8 embodiment described
below.

The oven 200 may include a plurality of heaters 230 to
maintain an appropriate temperature for absorber layer depo-
sition. In this embodiment, the chloride compound is depos-
ited during cadmium telluride layer deposition. The absorber
layer and the chloride compound are therefore deposited at
the same temperature. Cadmium telluride deposition typi-
cally occurs at vapor transport deposition (VID) tempera-
tures of about 400° C. to about 750° C. The annealing step
may occur simultaneously with, or after, chloride compound
deposition. The temperature maintained during absorber
layer and chloride compound co-deposition depends on the
concentration of the chloride compound used. For example, if
about a 0.14 molar to about a 2.18 molar aqueous solution is
provided to vaporization unit 220, the unfinished photovoltaic
device 10 can be heated at a temperature from about 400° C.
to about 460° C., or from about 415° C. to about 455°C. A 0.5
molar to about a 1.2 molar chloride compound aqueous solu-
tion may be employed. For example, if about a 0.54 molar
aqueous solution is provided, the unfinished photovoltaic
device 10 can be heated at a temperature from about 435° C.
to about 445° C. If about a 1.1 molar aqueous solution is
provided, the unfinished photovoltaic device 10 can be heated
ata temperature from about 400° C. to about 450° C., or about
425° C. Higher temperatures within the VID temperature
range of about 400° C. to about 750° C. may also be used. The
absorber layer may be heated for anywhere between about 7
minutes and about 12 minutes, for example, about 11 min-
utes. Similar temperature and time parameters are used if the
chloride compound is provided in powder form.

In contrast to the prior art, and as discussed below, it has
been determined that the disclosed chloride compounds do
not react with the zinc telluride reflector layer, if provided.
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Therefore, zinc telluride is not consumed, a zinc chloride
by-product is not produced, and reflector layer erosion is
limited.

FIG. 3 illustrates a schematic of a photovoltaic device 12
after absorber layer 106 deposition. The absorber layer 106 in
FIG. 3 has not been treated with a chloride compound.

FIG. 4 illustrates a schematic of a deposition oven 400 used
for chloride treatment of the absorber layer 106 while the
reflector layer is deposited over the absorber layer 106. This
occurs in lieu of chloride treatment during absorber layer
deposition. In this embodiment, the chlorine atoms of the
chloride compound deposited over the reflector layer diffuse
into the absorber layer 106 during the anneal. Although a
reflector layer formed of zinc telluride is described, the semi-
conductor reflector layer may be formed of any suitable semi-
conductor material.

The oven 400 is substantially similar to the oven 200 of the
FIG. 2 except that the input line 270, the first in-situ vapor-
ization unit 275 and the diffuser 280 are omitted. This is
because the reflector layer may be deposited using an input
line, vaporization unit and diffuser separate from those used
for absorber layer deposition. Reflector layer raw material
powder such as zinc telluride can be supplied by a semicon-
ductor input line 272 to an in-situ vaporization unit 277 where
it is vaporized. Zinc telluride vapor is then deposited through
a diffuser 282 onto the unfinished device 12 being transported
in a continuous process in a desired amount. Chloride com-
pound is provided through input line 250, to in-situ vaporiza-
tion unit 220 and diffuser 260. The chloride compound and
annealing parameters are the same as those described above
with respect to FIG. 2.

FIGS. 5A and 5B respectively illustrate a schematic of a
photovoltaic device 14A and 14B after semiconductor layer
112 and 111 deposition. Semiconductor layer 112 has a tri-
layer form, which includes a reflector layer 107 formed over
the absorber layer 106, which is formed over the window
layer 105. Semiconductor layer 111 has a bi-layer form,
which includes absorber layer 106 formed over window layer
105. The absorber layer 106 in FIGS. 5A and 5B has not yet
been treated with a chloride compound.

As described above, semiconductor layer 112 having a
tri-layer form including the reflector layer 107 is advanta-
geous to the extent that the reflector layer 107 minimizes
electron recombination with hole carriers at the back contact
layer 108 (see FIG. 9 and FIG. 10). Limiting recombination
improves photoconversion efficiency, or the rate of conver-
sion of photons to electric current. However, the additional
reflector layer 107 deposition step does add time and cost to
the photovoltaic device manufacturing process flow.

FIG. 6 is a schematic of a deposition oven used for chloride
treatment of the absorber layer after deposition of the semi-
conductor layer 112 or 111 according to an embodiment. As
described above, the reflector layer 107 may be formed of
zinc telluride or any other suitable semiconductor material.

The oven 600 is substantially similar to oven 200 of FIG. 2
except that the semiconductor input line 270, the first in-situ
vaporization unit 275, and the diffuser 280 of FIG. 2 are
omitted. Such semiconductor deposition structures are omit-
ted because the chloride compound is not being deposited
during semiconductor deposition in this embodiment. Semi-
conductor deposition occurred in a previous zone of the oven
600, or in a separate oven. An unfinished photovoltaic device
14 (FIG. 5A or FIG. 5B) is transported through the oven 600
on a transport mechanism. A chloride compound is deposited
in a fashion substantially similar to FIG. 2. The chloride
compound employed can be formed of a chloride compound
containing one or more elements from Groups 1-11, zinc,
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mercury and copernicium (e.g., manganese chloride or mag-
nesium chloride). The chloride compound can be deposited in
vapor or liquid form, for example, about a 0.14 molar to about
a 2.18 molar aqueous solution, or about a 0.5 molar to about
a 1.2 molar aqueous solution. Fither during or following
chloride deposition, the absorber layer 106 of the unfinished
photovoltaic device 14 (FIG. 5A or FIG. 5B) is heated at
about 400° C. to about 460° C., or at about 435° C. to about
445° C. if a 0.54 molar aqueous solution is provided, or at
about 400° C. to about 450° C. if about a 1.1 molar aqueous
solution is provided, for about 7 minutes to about 12 minutes,
or about 11 minutes.

FIG. 7 illustrates a schematic of an oven 700 used for
chloride treatment of the absorber layer 106 after deposition
of'the absorber layer 106 (FIG. 5B) or the reflector layer 107
(FIG. 5A). In lieu of second in-situ vaporization unit 220, an
ex-situ vaporization unit 285 is provided to vaporize the chlo-
ride compound outside an oven 700. The chloride compound
employed can be formed of a chloride compound containing
one or more elements from Groups 1-11, zinc, mercury and
copernicium, for example, manganese chloride or magne-
sium chloride. The vaporized chloride compound may then
be provided through an input line 290 to the diffuser 260
which deposits the chloride compound onto the unfinished
photovoltaic device 14. Chloride compound may be provided
to the ex-situ vaporization unit 285 through input line 250, for
example, in solid (e.g., powder) form or in liquid form, e.g.,
an aqueous solution having a concentration described with
respect to FIG. 6. A carrier gas may optionally be supplied to
the ex-situ vaporization unit 285 through optional carrier gas
input line 240 to carry and distribute the vaporized chloride
compound to the diffuser 260. Alternatively, the carrier gas
may be omitted and the chloride compound vapor may diffuse
through the input line 290 under ambient conditions. Chloride
compound vapors are introduced through the diffuser 260 and
deposited inan amount and at an appropriate location onto the
moving unfinished device 14A or 14B to achieve a desired
amount of chloride compound deposited onto the absorber
layer 106 (FIG. 5B) or onto the reflector layer 107 (FIG. 5A)
to diffuse into the absorber layer 106. Either during or fol-
lowing chloride treatment, the absorber layer 106 is heated
according to the parameters described above with respect to
FIG. 6.

FIG. 8 illustrates a schematic of a deposition oven used for
chloride treatment after deposition of the semiconductor lay-
ers according to another embodiment. This is another method
of chloride treatment of the unfinished photovoltaic device
14A or 14B. Instead of being deposited in vapor form, the
chloride compound may be deposited in liquid form using an
oven 800 which is substantially similar to the oven 600 of
FIG. 6 except that a sprayer 295 deposits the liquid chloride
compound onto the unfinished device 14. Input line 250 pro-
vides liquid chloride compound to the sprayer 295. An
optional second input line 450 may also supply liquid chlo-
ride compound to the sprayer 295. The chloride compound
employed can be formed of a chloride compound containing
one or more elements from Groups 1-11, zinc, mercury and
copernicium, for example, manganese chloride or magne-
sium chloride. Similar to the FIG. 6 embodiment, the chloride
compound supplied to the sprayer 290 can be a 0.14 molar to
about a 2.18 molar aqueous solution, or about a 0.5 molar to
about a 1.2 molar aqueous solution, for example, about a 1.1
molar or about a 0.54 molar aqueous solution. Either during
or following chloride treatment, the absorber layer 106 is
heated according to the parameters described above with
respect to the FIG. 6 embodiment.
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FIG. 9 illustrates a completed photovoltaic device 20 con-
taining a reflector layer 107. FIG. 10 illustrates a completed
photovoltaic device 30 with the semiconductor reflector layer
107 omitted. As shown in FIGS. 9 and 10, following the
chloride compound deposition and annealing of the absorber
layer 106, a back contact layer 108 may be deposited onto
respective semiconductor layers 112, 111 to serve as a back
contact for photovoltaic device 20, 30 and a back support 109
is applied. Back contact layer 108 may be formed of one or
more highly conductive materials, for example, molybde-
num, aluminum, copper, silver, gold, or any combination
thereof, providing a low-resistance ohmic contact. Back sup-
port 109 can be composed of any suitable protective material,
and is typically formed of a substrate such as borosilicate
glass, float glass, soda lime glass, carbon fiber, or polycar-
bonate. Back support 109, in combination with substrate 101
and an edge seal (applied on to the sides of the devices 20 and
30), protect the plurality of layers of devices 20 and 30 from
moisture intrusion, physical damage, and environmental haz-
ards.

Treating the cadmium telluride layer 106 with a chloride
compound containing one or more elements from Groups
1-11, zinc, mercury and copernicium, for example, manga-
nese chloride or magnesium chloride, provides several advan-
tages over a cadmium chloride treatment. FIG. 11 compares a
cadmium chloride treatment with a manganese chloride and
magnesium chloride treatment. The y-axis measures the effi-
ciency of a photovoltaic device expressed as a percentage
derived from the power output of the device divided by the
product of incident radiation and the photon collection area of
the device. The x-axis shows respective treatment of the
device with cadmium chloride, magnesium chloride and
manganese chloride at temperatures of 400° C., 425° C. and
450° C. In this experiment, cadmium telluride films were
sprayed with an 1.1M aqueous solution of the respective
chlorides shown on the x-axis. After the surface dried, the
films were heated in air at the temperatures shown on the
x-axis for about 11 minutes. As shown in FIG. 11, it has been
found that photovoltaic devices having cadmium telluride
treated with manganese chloride, for example, are equally as
efficient as devices treated with cadmium chloride. Like cad-
mium chloride, the above chloride compounds provide chlo-
rine atoms which diffuse through the grain boundary areas of
the cadmium telluride film and facilitate re-crystallization of
the cadmium telluride film. Although FIG. 11 illustrates only
manganese chloride and magnesium chloride, the invention is
not thus restricted, as discussed above.

It has also been determined that magnesium chloride and
manganese chloride, for example, do not react with zinc
telluride, a potential semiconductor reflector layer for photo-
voltaic devices. Manganese chloride or magnesium chloride
could be used to treat the absorber layer in a device having a
semiconductor reflector layer such as zinc telluride to avoid
erosion of the reflective properties of a zinc telluride reflector
layer. Furthermore, manganese chloride and magnesium
chloride also have lower vapor pressures than cadmium chlo-
ride, potentially allowing annealing to occur at higher tem-
peratures, for example, from about 400° C. to about 750° C.,
than are possible for cadmium chloride treatment due to
evaporation. This allows for chloride treatment at conditions
of absorber layer 106 (or reflector layer 107) deposition,
described with respect to FIGS. 2 and 4.

Each layer in the disclosed embodiments may, in turn,
include more than one layer or film. Additionally, each layer
can cover all or a portion of a photovoltaic device and/or all or
a portion of the layer or substrate underlying the layer. For
example, a “layer” can include any amount of any material
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that contacts all or a portion of a surface. If a layer is formed
“over” another layer, those layers are not required to be in
contact.

Details of one or more embodiments are set forth in the
accompanying drawings and description. Other features,
objects, and advantages will be apparent from the description,
drawings, and claims. Although a number of embodiments
have been described, it will be understood that various modi-
fications may be made without departing from the spirit and
scope of the invention. It should also be understood that the
appended drawings are not necessarily to scale, presenting a
somewhat simplified representation of various features and
basic principles of the invention.

What is claimed as new and desired to be protected by
Letters Patent of the United States is:

1. A method of manufacturing a photovoltaic device, the
method comprising:

depositing a cadmium telluride layer over a substrate;

treating the cadmium telluride layer with a chloride com-

pound comprising chlorine and one or more elements
selected from the group consisting of an element from
Groups 1-11, zinc, mercury and copernicium, wherein
the cadmium telluride layer is treated during at least a
portion of cadmium telluride deposition;

annealing the cadmium telluride layer; and

following cadmium telluride deposition, depositing a

semiconductor reflector layer over the cadmium tellu-
ride layer.

2. The method of claim 1, wherein the chloride compound
reduces erosion of the semiconductor reflector layer com-
pared to a cadmium chloride treatment of the cadmium tellu-
ride layer.
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3. The method of claim 1, wherein the semiconductor
reflector layer comprises zinc telluride.

4. The method of claim 1, wherein the cadmium telluride
layer is annealed after the cadmium telluride layer is treated.

5. The method of claim 1, wherein the cadmium telluride
layer is annealed during at least a portion of the treatment
step.

6. The method of claim 1, wherein the chloride compound
comprises manganese chloride.

7. The method of claim 1, wherein the chloride compound
comprises magnesium chloride.

8. The method of claim 1, wherein the cadmium telluride
layer is annealed at a temperature from about 350° C. to about
750° C.

9. The method of claim 8, wherein the cadmium telluride
layer annealed at a temperature from about 400° C. to about
460° C.

10. The method of claim 9, wherein the cadmium telluride
layer is annealed at a temperature from about 415° C. to about
455° C.

11. The method of claim 10, wherein the cadmium telluride
layer is annealed at a temperature from about 435° C. to about
445° C.

12. The method of claim 1, wherein the chloride compound
comprises from about a 0.14 molar to about a 2.18 molar
aqueous solution.

13. The method of claim 12, wherein the chloride com-
pound comprises from about a 0.5 molar to about a 1.2 molar
aqueous solution.

14. The method of claim 1, wherein the cadmium telluride
layer is annealed for about 7 minutes to about 12 minutes.
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